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Abstract. We propose a Randall-Sundrum model with a bulk family symmetry based on the double 
tetrahedral group, T', which generates the tri-bimaximal neutrino mixing pattern and a realistic 
CKM matrix. The T' symmetry forbids tree-level flavor-changing-neutral-currents in both the quark 
and lepton sectors, as different generations of fermions are unified into multiplets of T'. This results 
in a low first KK mass scale and thus the model can be tested at collider experiments. 
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INTRODUCTION 

The Randall-Sundrum (RS) Model [1] has been proposed as a non-supersymmetry al- 
ternative solution to the gauge hierarchy problem. In addition to solving the gauge hier- 
archy problem, the model can accommodate the fermion mass hierarchy, by localizing 
different fermions at different points in the fifth dimension f^, 3]. The presence of the 
5D bulk mass parameters generically lead to dangerously large flavor-changing-neutral- 
currents (FCNCs) already at the tree level through the exchange of the KK gauge bosons. 
One way to avoid the tree level FCNCs is by imposing minimal flavor violation |j4|] which 
assumes that all flavor violation comes from the Yukawa sector 11,0]. We propose [0] 
an alternative by imposing a bulk family symmetry [8] based on the double tetrahedral 
group [|9ill3,[ill], T', which simultaneously gives rise to tri-bimaximal (TBM) neutrino 
mixing and a realistic CKM matrix. In addition, the complex CG coefficients of T' also 
give the possibility that CP violation is entirely geometrical in origin [11]. Because the 
three lepton doublets form a T' triplet while the three generations of quarks transform 
as 2 © 1, these multiplets now have common bulk mass terms. This assignment thus for- 
bids tree-level FCNCs involving the first and second generations of quarks, which are 
the most severely constrained, as well as all tree-level FCNCs in the lepton sector. 

THE MODEL 



The particle content of our model is given in Ref. The 5D Lagrangian involving 
leptons is D JCJ^^ + ^gyjjj + ^yuk e '^Yuk v where the bulk mass terms are 

J^^^li^. = k[LcLL-\reCee-^jLC^Il + TCrT+NcNN) , (1) 



and the 5D Yukawa interactions for charged leptons and neutrinos are 
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The flavons fields acquire the following VEVs, 
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leading to charged lepton mass matrix, 
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The 4D effective Majorana mass matrix for RH neutrinos is 
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and the neutrino Dirac mass matrix is 
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The resulting light effective LH neutrino mass matrix is form diagonalizable by the 
TBM mixing matrix to give eigenvalues 



Due to universal cl for the lepton doublets and RH neutrinos, all tree-level leptonic 
FCNCs are absent. The observed charged lepton mass hierarchy can be obtained via the 
non-universal values for the bulk mass parameters for the RH charged leptons, ci. 

The 5D Lagrangian involving quarks is given by, D + ^g^jj^ + ■^yi^' where 
the bulk mass terms are 

^Mk = ^ {QnCQnQn + Q3CQ, Q3 + UcuU + TctT + DcdD + BcbB) , (10) 
and the 5D Yukawa interactions are 
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The flavons acquire VEVs along the following directions, 
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where r=U,D. This VEV pattern leads to a 4D effective up-type mass matrix 
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and a 4D effective down-type mass matrix 
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where all other Yukawas have been set to 1. 

Similar to the lepton sector, due to the T' family symmetry and the 2© 1 structure, the 
number of bulk parameters is greatly reduced in our model, and the tree-level FCNCs 
involving the first and second generations of quarks are absent. 



NUMERICAL RESULTS 



The number of independent parameters for our model is much smaller compared to 
generic RS models: we have 3 for the charged leptons, 2 for the neutrinos, and 1 1 for the 



quarks, which compares to 30 for the anarchic leptons and 36 for the anarchic quarks. 
With cl = 0.40000, q = 0.82925, = 0.66496, Ct = 0.57126, and 0o = 1 as our input 
parameters, all charged lepton masses are obtained. To produce a normal hierarchy 
in the neutrino sector, we use the value of cl above, cn = 0.40000, gg = 0.07427, 
<yo, ss = 0.06191, leading to mi = 0.004465 eV, m2 = 0.009821 eV, and ms = 0.04919 
eV. An inverted hierarchy solution arises if we use cp^ = 0.40000, 0q gg = 0.02321, 
ao, ss = -0.0115241, which predict mi = 0.05203 eV, m2 = -0.05276 eV, and ms = 

0. 01751. Realistic quark masses and CKM mixing angles are obtained with a = 0.0021?', 
C = -0.0125, xu = = 0.52, 9u = -0.0825;r, Xd = 0.06615, Od = -0.0515;r, 
riD = 0.2484 - 0.2024/, = 0.7800, and = 0.3000, cq^^ = 0.435, cqs = 0.070, 
cu = 0.535, Ct = -1.250, cd = 0.562, and cb = 0.521. 

CONCLUSION 

We have proposed a Randall-Sundrum Model with a bulk T' family symmetry. The T' 
symmetry gives rise to a TBM mixing matrix for the neutrinos and a realistic quark 
CKM matrix. Due to the wavefunction localization, our model also naturally generates 
the fermion mass hierarchy for both the quark and lepton sectors. The T' representa- 
tion assignments required for giving realistic masses and mixing patterns automatically 
forbid all leptonic tree-level FCNCs and those involving the first and the second gener- 
ations of quarks, which are present in generic RS models. As a result, a low scale for 
the first KK scale mass can be allowed, rendering the RS model a viable solution to the 
gauge hierarchy problem and making it testable at collider experiments. 
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